We report here on the longest deep X-ray observation of a supergiant fast X-ray transient (SFXT) outside outburst, with an average luminosity level of 10 33 erg s −1 (assuming 3 kpc distance). This observation was performed with Suzaku in December 2009 and was targeted on IGR J08408-4503, with a net exposure with the X-ray imaging spectrometer (XIS, 0.4-10 keV) and the hard X-ray detector (HXD, 15-100 keV) of 67.4 ks and 64.7 ks, respectively, spanning about three days. The source was caught in a low intensity state characterized by an initially average X-ray luminosity level of 4×10 32 erg s −1 (0.5-10 keV) during the first 120 ks, followed by two long flares (about 45 ks each) peaking at a flux a factor of about 3 higher than the initial pre-flare emission. Both XIS spectra (initial emission and the two subsequent long flares) can be fitted with a double component spectrum, with a soft thermal plasma model together with a power law, differently absorbed. The spectral characteristics suggest that the source is accreting matter even at this very low intensity level. From the HXD observation we place an upper limit of 6×10 33 erg s −1 (15-40 keV; 3 kpc distance) to the hard X-ray emission, which is the most stringent constraint on the hard X-ray emission during a low intensity state in a SFXT, to date. The timescale observed for the two low intensity long flares is indicative of an orbital separation of the order of 10 13 cm in IGR J08408-4503.
INTRODUCTION IGR J08408-4503 is a hard X-ray transient discovered in 2006
May with IN T EGRAL during a flare with a duration of 900 s, with a flux of 250 mCrab (at peak, 20-40 keV) (Götz et al. 2006) . Archival IN T EGRAL observations of this field before the discovery observation demonstrated the recurrence of its flaring activity . A refined X-ray position (Kennea & Campana 2006) , allowed the association of the X-ray transient with a bright O8.5Ib(f) star (HD 74194) located in the Vela region, at a distance of about 3 kpc (Masetti et al. 2006) . Optical spectroscopy of HD 74194, performed just a few days after the source discovery, showed variability in the Hα profile and a radial velocity variation with an amplitude of about 35 km s −1 (He I and He II absorption lines; Barba et al. 2006 ). Other bright X-ray flares were observed with IN T EGRAL and Swif t in October 2006, July 2008 and September 2008 (Götz et al. 2007 , ). An orbital period of ∼35 ⋆ E-mail: sidoli@iasf-milano.inaf.it days has been suggested based on the duration of the flaring activity ), although a secure determination based on X-ray and/or optical modulation is still lacking. Also a pulse period has never been found, thus the nature of the compact object is unknown.
IGR J08408-4503 has been classified as a member of the class of high mass X-ray binaries (HMXBs) called supergiant fast Xray transients (SFXTs), X-ray transients with bright and short duration flaring activity associated with blue supergiant companions (Sguera et al. 2005 , Smith et al. 2006 . The large majority of the members of this class have been discovered by IN T EGRAL during the survey of the Galactic plane (Sguera et al. 2005 , Sguera et al. 2006 . A few SFXTs are X-ray pulsars, thus demonstrating that the compact object is a neutron star, while in the other sources a black hole cannot be excluded, although the broad band spectra (0.1-100 keV) in outburst are very similar to those typically observed in accreting pulsars (e.g. Romano et al. 2008) . Their outbursts typically show a duration of a few days (Romano et al. 2007 , ), with small duty cycles although highly variable from source to source ). Each out-burst is characterized by several short (a few minutes to a few hour duration) and bright flares, each reaching a luminosity of a few 10 36 -10 37 erg s −1 . A much lower intensity emission characterizes the long term behaviour of these transients (10 33 -10 34 erg s −1 , Sidoli et al. 2008) , while the quiescent state (no accretion) has been observed rarely and displays a very soft (likely thermal) spectrum with a luminosity of ∼10 32 erg s −1
(in't Zand 2005 , Leyder et al. 2007 . A very low level of accretion (∼10 32 erg s −1 ) has been observed from IGR J08408-4503 in 2007 with XM M − N ewton as well, displaying a double component spectrum composed of a thermal soft part (likely from the supergiant companion), together with a harder power-law component (Bozzo et al. 2010) .
Although SFXTs only sporadically undergo a bright outburst (from null to 4 outbursts per source have been observed during the two years long monitoring of four SFXTs with Swif t, ), their properties during outbursts are much better studied than their behaviour during the long-term lower intensity states (intermediate level or the quiescence).
We report here on a Suzaku observation of IGR J08408-4503 with a net exposure of 67.4 ks (XIS), spanning about three days. This is the longest X-ray observation of a SFXT catching the source in a very low intensity level.
We also report on the analysis of our private IN T EGRAL observations of the source field covering about one month including times of the Suzaku observation. We then compare our Suzaku results with a much shorter observation of a low intensity state from IGR J08408-4503 performed with XM M − N ewton in 2007. To this aim, we re-analysed these XM M − N ewton observations, although already reported by Bozzo et al. (2010) .
OBSERVATIONS AND DATA REDUCTION

Suzaku
A Suzaku (Mitsuda et al. 2007 ) observation of IGR J08408-4503 was performed from 2009 December 11, starting at 17:53 UT, until December 14 12:00 UT. The target was placed at the 'HXD nominal' position. The X-ray Imaging Spectrometer (XIS; Koyama et al. 2007 ) was operated in the normal mode with no window option, providing a time resolution of 8 s. The Hard X-ray Detector (HXD; Takahashi et al. 2007 ) was in standard mode, with a time resolution of 61 µs for the individual events.
The XIS and HXD data were both processed with the Suzaku pipeline version 2.4.12.27 in the HEASOFT (version 6.6) software package. The data were screened according to standard criteria. In particular, events were discarded if they were acquired during passages through the South Atlantic Anomaly or in regions of low geomagnetic cut-off rigidity ( 6 GV for XIS and 8 GV for HXD), or with low Earth elevation angles; for the XIS only events with grade 0, 2, 3, 4, and 6 were considered, and the CLEANSIS script was used to remove hot or flickering pixels. The net exposures obtained with the XIS and HXD (live time 93.2%) were 67.4 ks and 64.7 ks, respectively.
The XIS events of IGR J08408-4503 were accumulated in each of the three XIS cameras within a circular region (2 ′ radius) centered on the target, while the backgrounds were estimated from source-free regions well outside the point-spread function of the source (see Fig. 1 ). For the spectral analysis, spectral redistribution matrices and ancillary response files for the XIS spectra were generated using the XISRMFGEN and XISSIMARFGEN tasks. Background subtraction for the HXD data is performed using a synthetic model that accounts for the time-variable particle background (the so-called 'non X-ray background', NXB). In particular, we used the 'tuned' NXB model (see Fukazawa et al. 2009 for details). The cosmic X-ray background and possible Galactic diffuse emission remain in the background subtracted data, as well as emission from any X-ray source that occurs in the instrument 34 × 34 arcmin 2 field of view. After subtracting the NXB, a positive signal is detected in the HXD-PIN up to ∼40 keV (about 10% of the total counts in the 15-40 keV band); no significant emission is detected in the GSO data. To account for the expected contribution from the 'cosmic X-ray background' (CXB), we used the spectra reported in Gruber et al. (1999) and in Moretti et al. (2009) . We estimate that the CXB contributes to the observed signal with roughly half of the NXB-subtracted counts.
The spectrum of the remaining signal is adequately described (χ 2 ν = 1.16 for 64 degrees of freedom) by a power-law model with photon index 1.9 +0.8 −0.6 (1σ confidence level) and 15-40 keV flux of ≈6 × 10 −12 erg cm −2 s −1 . Considered that the combined uncertainties on the CXB and NXB are comparable to the flux estimated in this way, and lacking any specific signature of IGR J08408-4503 (such as it would be a periodic signal) in the HXD-PIN band, we regard the observed flux only as an upper limit on the hard X-ray emission of the source. This upper limit is not very constraining for the extrapolation of the XIS spectrum at high energy. Thus, in the following, we concentrate on the soft energy part of the source spectrum observed with XIS.
IN T EGRAL
The 
GRI (15 keV -1 MeV; Lebrun et al. 2003) and PICsIT (175 keV-10 MeV; Labanti et al. 2003 ). An INTEGRAL pointing lasts about 2 ks. We analysed our IBIS/ISGRI private data between 55142.852 MJD and 55195.400 MJD, where IGR J08408-4503 was in the field of view (see Table 1 ), using the Off-line Scientific Analysis package OSA 8.0 .
IGR J08408-4503 has never been detected, being always below the 5σ threshold of detection, both on timescales of a single observation, each lasting 2 ks, and of a single satellite revolution (Rev. in Table 1 ). The source remains undetected even adding together the whole data-set of the seven revolutions analysed here (Table 1) . In Figure 2 we show the 5σ upper-limit lightcurve obtained with IBIS/ISGRI data, overimposed on the times of the Suzaku observation, where we have converted the IBIS/ISGRI count rate, measured in the 18−60 keV range, to the 1−100 keV unabsorbed flux, adopting the average spectral parameters obtained by .
XM M − N ewton
We compare here our Suzaku results with a publicly available much shorter XM M − N ewton observation of a low luminosity state recently analysed by Bozzo et al. (2010) . We re-analysed this same data-set, to properly compare it with our Suzaku observation and check if the best fit found from Suzaku spectroscopy equally well describes the XM M − N ewton spectrum, at a similar source luminosity state. IGR J08408-4503 was observed with XM M − N ewton on 2007 May 29, with a live time of 35.7 ks (EPIC pn).
Data were reprocessed using version 9.0 of the Science Analysis Software (SAS). Known hot, or flickering, pixels and electronic noise were rejected. Response and ancillary matrix files were generated using the SAS tasks rmfgen and arfgen. We concentrate on the EPIC pn data: pn was operated in its Prime Full Window mode with all the CCDs in Imaging Mode. The EPIC pn observation used the thick filter. Source pn spectrum was extracted from a circular region of 30 ′′ radius to avoid the edge of the CCD. We selected PAT-TERNS from 0 to 4. Background counts were obtained from similar sized region offset from the source position. The background (selected with PATTERN=0 and above 10 keV) showed evidence of some flaring activity, which was filtered out, resulting in a net exposure time for the final source pn spectrum of 35.1 ks. The IGR J08408-4503 pn spectrum was not affected by pile-up, resulting in an average net count rate of 0.170±0.003 s −1 . To ensure applicability of the χ 2 statistics, the net spectra were rebinned such that at least 30 counts per bin were present. All quoted uncertainties are given at 90% confidence level for one interesting parameter.
ANALYSIS AND RESULTS
Suzaku
The background subtracted light curve of IGR J08408-4503 in two energy bands (softer and harder than 3 keV) together with their hardness ratio, are shown in Fig. 3 . The hardness ratio does not show strong evidence of variability, thus we will study both the average spectrum extracted from the whole exposure time, as well as time selected spectra from the initial part of the observation and from the peak of the two flares, separately. Fitting the whole hardness ratio as a function of time (with a bin time of 5 ks) to a constant model we obtain a value of 0.40 ± 0.03 (χ 2 ν = 1.3 for 44 d.o.f.). A timing analysis was performed after having converted the event arrival times to the Solar System Barycentric frame. We searched for coherent periodicity, but found no evidence for pulsations. We could place an upper limit on the pulsed fraction (defined as the semi-amplitude of the sinusoidal modulation devided the mean count rate), computed according to Vaughan et al. (1994) , of 40% at the 99% confidence level for periods in the range 16 s-500 s.
We selected three spectra from the Suzaku data-set, as follows: the first spectrum (which we call "persistent" spectrum in Table 2 ) was extracted accumulating all photons coming from the first 120 ks of the observation, with the lowest intensity level (see the light curve reported in Fig. 3) ; the second spectrum is from the peak of the first flare ("flare 1", between 145 ks and 160 ks in Fig. 3 ), while the third spectrum comes from the peak of the second flare ("flare 2", between 202 ks and 216 ks in Fig. 3 ). These time spans are subjective choices in order to extract the lowest intensity spectrum and the spectra at the peak of each flare.
We first analysed the lowest intensity spectrum (the "persistent" pre-flare spectrum, with a net exposure time of 35 ks), always fitting together the spectra from the different XIS units (extracted separately), with factors included in the spectral fitting to allow for normalization uncertainties between the instruments. A fit with an absorbed simple power law (PEGPWRLW in XSPEC) resulted in positive residuals below 1 keV and in an unphysical very low energy absorption consistent with zero (resulting in a photon index of 1.5, with a reduced χ 2 ν /d.o.f.=1.248/57). Thus in the following we will constrain the absorbing column density to be at least that predicted from optical measurements towards the donor star (NH=3×10 21 cm −2 ; Leyder et al. 2007 ). We then added a second component to the power law continuum (a thermal plasma model, MEKAL model in XSPEC), to account for the residuals evident at soft energies. We note that a similar low energy component was also found in the low intensity state observed in 2007 with XM M − N ewton (Bozzo et al. 2010 ) and explained by these authors as the likely Xray emission from the blue supergiant companion. The double component model resulted in a much better fit (χ 2 ν /d.o.f.=0.811/55), with the spectral parameters reported in Table 2 . If we extrapolate at high energies this best fit, we derive a flux of 4.35×10 −13 erg cm −2 s −1 (15-40 keV), more than one order of magnitude lower than the upper limit we can place with Suzaku/HXD (see Sect. 2.1). If interpreted as X-ray emission from the companion star, this soft component should be obviously always present with similar spectral parameters, and with an X-ray luminosity consistent with that usually observed from OB supergiants (∼10 31 -10 32 erg −1 ; Cassinelli et al. 1981 ). Thus we included it in the fitting model also when analysing the other two spectra from the peak of the two flares.
Fitting the first flare peak emission with this double component model (net exposure time of 7.8 ks; Table 2 ), we found a good fit (χ 2 ν /d.o.f.= 1.041/71) but with a very low temperature kT mekal <0.09 keV and a high normalization for this soft component, which translates into an X-ray luminosity (0.5-10 keV) of 4×10 35 erg −1 , too high to be compatible with the X-ray emission from the supergiant companion. Thus, we constrained the MEKAL temperature and its normalization to be within the same variability ranges we obtained from the spectroscopy of the faint persistent spectrum (Table 2) , which we verified to be also consistent with the faintest emission observed in 2007 with XM M −N ewton, and reanalysed here in Sect. 3.2. Constraining these two parameters in the double component continuum, we obtained a worse fit and wave-like residuals (χ Table 2 , with an additional absorption, NHpow, towards the power law component of ∼1.8×10 22 cm −2 and a power-law photon index, Γ, of ∼2.1. The unabsorbed flux reported in Table 2 is the flux obtained correcting from the total absorption NH, but not for NHpow. Correcting also for NHpow, and measuring the unabsorbed flux coming only from the power law component, we obtained 6×10 −12 erg cm −2 s −1 (1-10 keV). Fitting the second flare peak emission with this same double component model (net exposure time of 2.7 ks; see Table 2 for the fit results), we obtained NHpow∼1. Finally, we performed a spectral fit to the average spectrum extracted from the whole Suzaku observation (net exposure time 67.4 ks). The results obtained with the same double component model discussed before are reported in Table 2 and shown in Fig. 4 . 
XM M − N ewton
The source low intensity state in the Suzaku observation is similar to that observed with XM M − N ewton in 2007. Thus, we reanalysed here these same public EPIC pn data, in order to compare them with our Suzaku XIS results. In particular, we performed a different time selection spectroscopy with respect to that reported by Bozzo et al. (2010) . We then reanalysed the spectra adopting the same best-fit model found from Suzaku analysis, to test if the same double component spectral model can explain both data-sets. The light curve observed in 2007 with XM M − N ewton (EPIC pn data) is reported in Fig. 5 , in two energy ranges (above and below 2 keV) together with their hardness ratio. In the same figure (lower panel) we also show an hardness-intensity plot, with a larger bin time, to clearly show that there is a clear correlation between the hardness ratio and the source intensity, as already noted and discussed by Bozzo et al. (2010) .
Since hardness ratio and source intensity are correlated, an intensity-selected spectroscopy translates also into a hardness-ratio selected spectroscopy. In order to compare the Suzaku spectrum of the initial lowest intensity state ("persistent" emission in Table 2 ) with the lowest intensity state observed with XM M − N ewton, we extracted a spectrum where the EPIC pn rate (S+H in Fig.5 , lower panel) was lower than 0.14 s −1 (spectrum A in Table 3 ). During this low intensity, the contribution to the X-ray emission from the O-type supergiant companion is maximum, thus allowing us to put better constraints to the companion soft energy component (e.g. Cassinelli et al. 1981) . Three other intensity-selected spectra were extracted in the following EPIC pn total rate ranges (S+H in Fig.5 , lower panel): 0.14 s −1 -0.3 s −1 (spectrum B in Table 3 ), 0.3 s −1 -0.7 s −1 (spectrum C) and >0.7 s −1 , to catch only the peaks of the flaring activity (spectrum D).
We applied to the pn intensity-selected spectra the best fit model found from Suzaku data, a double component model with a continuum composed by a hot plasma model together with a power law model, differently absorbed (PHABS × (MEKAL +PHABS × PEGPWRLW) adopting the XSPEC syntax). We constrained the total absorption (the first PHABS model, absorbing both continuum components) to be not less than the absorption towards the optical companion (as during the Suzaku XIS analysis). We also constrained the MEKAL parameters to be within the ranges found from the Suzaku XIS analysis. In Table 3 same model adopted to explain Suzaku spectra is a nice deconvolution of the XM M − N ewton spectra too, although a simpler model (an absorbed power law) already results in a good description of the spectra A and D. We note that the main responsible for the increasing of the hardness ratio during flares is very likely a harder power law high energy component rather than an increasing of the absorbing column density (which remains constant, within the uncertainties), as already reported by Bozzo et al. (2010) , but adopting a different deconvolution of the spectrum.
DISCUSSION AND CONCLUSIONS
We report here on the longest observation of a low luminosity state of a SFXT, spanning about three consecutive days (with the obvious gaps due to the satellite orbits), resulting in a net exposure time of 67.4 ks. The Suzaku IGR J08408-4503 observation unveils a source luminosity level at about 4×10 32 erg s −1 for the first ∼120 ks, followed by two long flares (with a duration of about 45 ks each) with a count rate a factor of ∼3 higher than the initial "persistent" pre-flare emission. The source has not been convincingly detected with HXD and we could place the best upper limit to date to the hard X-ray emission (15-40 keV) of a SFXT in the low intensity state, at a level of 6×10 33 erg s −1 . The time selected spectroscopy of the XIS observation resulted in a best fit model composed by a double component continuum (a soft hot plasma model together with a power law dominating at high energies), differently absorbed, with the presence of an extra absorption of the high energy power law component. This additional absorbing matter, of the order of ∼1-2×10 22 cm −2 , is very likely local to the compact object, since it absorbs only the power law component. It could be due to dense wind clumps passing in front of the compact object and close to it, or more likely to the accreting matter itself, since this additional absorption is more clearly detected during the two long duration flares. The spectral parameters of the double component model suggest that the low energy soft component is produced by the supergiant companion, while the high energy component is too hard for a stellar origin (we will not repeat here the convincing arguments already discussed by Bozzo et al. 2010) . Both the temporal and spectral properties indicate that in IGR J08408-4503 the compact object is still accreting matter even at the low intensity state we observed with Suzaku: indeed, also in the lowest luminosity state of 4×10 32 erg s −1 , during the first part of the observation (long term pre-flare emission), the Suzaku spectrum is hard and power-law-like at energies higher than 1 keV, with a photon index, Γ, of 1-2. Similar photon indexes have been measured in the 1-10 keV spectra of four other SFXTs monitored with Swif t during their long-term intermediate states ), although at higher luminosities (10 33 -10 34 erg s −1 ). The presence of flares, together with the hard Xray emission, is strongly indicative of the fact that accretion on the compact object is still ongoing in IGR J08408-4503, even at very low luminosities.
SFXTs behaviour is still not explained (both the outbursts and the high dynamic range), although several possible mechanisms have been proposed since the times of their discovery with IN T EGRAL (Sguera et al. 2005) . Among the different proposed explanations (see Sidoli 2009 for a review) which involve the wind properties and/or the characteristics of the compact object (neutron star magnetic field and spin period) there is a general consensus on the fact that the supergiant wind is very likely not homogeneous ("clumpy"; in't Zand 2005).
In the framework of the clumpy wind model developed by Ducci et al. (2009) , we can derive the distance of the neutron star from the supergiant companion, from the durations and luminosities of the flares observed with Suzaku, and adopting the expansion law for the clump size (see Eq.
[9] in Ducci et al. 2009 ; see also for previous applications of this method to IGR J08408-4503). Assuming a wind velocity of vw = 1800 km s −1 and a neutron star with mass Mx = 1.4 M⊙, the accretion radius is:
From the time duration of the flares, t fl ≃ 4.5 × 10 4 s, we obtain the radius of the clumps accreted by the neutron star:
Extrapolating flux of the two flares to a broader energy range, Fx ≃ 1 × 10 −11 erg cm −2 s −1 (1 − 40 keV), and assuming a distance of d = 3 kpc, we obtain a flare X−ray luminosity Lx ≃ 10 34 erg s −1 . Hence, from the accretion X-ray luminosity and the continuity equationṀaccr = ρvwπR 2 a , we obtain a clump density of ρ cl ≃ 6.6 × 10 −16 g cm −3 , and a mass of M cl ≈ 10 23 g. For the supergiant companion we assumed the following physical properties: a radius ROB = 23.8 R⊙, a mass MOB = 30 M⊙, a luminosity log L/L⊙ = 5.847 and an effective temperature T eff = 34000 K (Vacca et al. 1996) . We thus obtain, from the clump massradius equation of Ducci et al. 2009 (Eq. [20] ), the starting radius of the clump: R cl,i ≃ 1.7 × 10 11 cm. Assuming that the sonic radius Rs equals the supergiant radius, and a starting wind velocity at Rs of vw(Rs) ≃ 3 × 10 6 cm s −1 (Bouret et al. 2005) , we obtain, from the expansion law of the clump, a distance of the neutron star of r ≃ 10 13 cm, consistent with our previous findings ).
The orbital separation derived here implies an orbital period of about 35 days, which is somehow intermediate between the narrow orbits of other SFXTs (e.g., 3.3 days in IGR J16479-4514, Jain et al. 2009 ) and the longest orbital period measeured to date in a SFXT (165 days, Sidoli et al. 2006 ), whereas it is very similar to that measured in SFXTs like, e.g, SAX J1818.6-1703 (Zurita Heras & Chaty 2009 , Bird et al. 2009 ). Even the long duration low luminosity emission at a few 10 32 erg s −1 (close to the quiescent emission observed, e.g., in IGR J17544-2619, in't Zand 2005) is consistent with a wide orbit, in order to allow accretion at a low level. Also the long term light curve reported here from IN T EGRAL observations seems to point to a long duration of the low intensity emission in IGR J08408-4503.
The presence of short flaring activity as observed with XM M − N ewton in IGR J08408-4503 during a low intensity state has already been caught in other SFXTs (e.g., in IGR J17544-2619, González-Riestra et al. 2004, their Fig. 3 ) with flares durations of a few hundred seconds. On the other hand, the Suzaku pointing spanning three days allowed us for the first time to probe the source light curve on much longer timescales, catching longer flares (∼45 ks) than usual, with peak rates which are only ∼3 times higher than the average pre-flare intensity. The observed properties of these flares, their long duration together with the low dynamic range with respect to the pre-flare emission, suggested us to search for other possible explanations, although in the framework of the structure of the supergiant wind. A viable alternative to the accretion of single clumps could be that the flares are produced from the accretion of large scale wind structures, like gas streams, or the so-called corotating interaction regions (CIRs, Mullan 1984). CIRs form in a stellar wind when the rotating star emits wind in a non-spherically symmetric manner. These wind structures were originally studied in the solar corona (Mullan 1984) and form as interaction regions between slow and fast streamlines. They were later suggested to be present also in rotating Ostar winds (Cranmer & Owocki 1996) , with a mild density contrast of a factor of 2-3 with respect to the undisturbed wind. These structures have a typical thickness of ∼0.1r at radial distance r (Mullan 1984) . Thus, assuming a radial distance r ≃ 10 13 cm and a stream thickness, ∆S∼0.1r, we can derive the neutron star velocity, vns from ∆S and the flare duration ∆t f lare (∆S=vns× ∆t f lare ). Assuming ∆t f lare =45 ks and ∆S∼0.1r=10
12 cm, we find vns=200 km s −1 , which is consistent with the neutron star orbital velocity in a 35 days orbit around a 30 M⊙ companion star.
